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ABSTRACT 

We found the black hole candidate MAXI J1659— 152 showed distinct power spectra, i.e., a power-law 
noise (PLN) vs. band-limited noise (BLN) plus quasi-periodic oscillations (QPOs), below and above 
about 2 keV respectively, in the observations with the Swift and the RXTE during the 2010 outburst, 
indicating a high energy cut-off of the PLN and a low energy cut-off of the BLN and the QPOs around 
2 keV. The emergence of the PLN and the fading of the BLN and the QPOs initially took place from 
below 2 keV when the source entered the hard intermediate state and finally settled in the soft state 
three weeks later. The evolution was accompanied by the emergence of the disk spectral component 
and decreases in the amplitudes of variability in the soft X-ray and the hard X-ray bands. Our results 
indicate that the PLN is associated with the optically thick disk in both hard and intermediate states, 
and power spectral state is independent of the X-ray energy spectral state in a broadband view. We 
suggest that in the hard and the intermediate state, the BLN and the QPOs emerge from the innermost 
hot flow subjected to Comptonization, while the PLN originates from the optically thick disk further 
out. The energy cut-offs of the PLN and the BLN or QPOs then follow the temperature of the seed 
photons from the inner edge of the optically thick disk, while the high frequency cut-off of the PLN 
follows the orbital frequency of the inner edge of the optically thick disk as well. 

Subject headings: X-rays: binaries 

1. INTRODUCTION 

Black hole binaries show well-defined corre- 
lated X-ray spectral and variability properties 
(jRemillard fc McClintock II2006I ). According to the pic- 
ture formed by the observations in the 2-60 keV with 
the Rossi X-ray Timing Explorer (RXTE) (for example , 
iHoman et alll2001l: iBelloni et al.]l2005t Ivan der Klisll2006D , 
distinct variability components are shown in the Fourier 
power spectra. In the soft state, the power spectrum 
is well-described by a power-law noise (PLN) compo- 
nent, sometimes with a possible break at around 10 Hz; 
in the hard state, the power spectrum is dominated by 
one or more band-limited noise (BLN) components at 
low frequencies and some times quasi-periodic oscillations 
(QPOs) at higher frequencies; in the intermediate state 
usually seen between the hard state and the soft state in 
time sequence, the pow er spectrum is com posed of BLN 
components and QPOs ([Belloni et al.ll2002[ ). and possibly 
with an additional weak PLN at low frequency. The overall 
variability amplitude has been found strongly correlated 
with the fraction of the power-law spectral com ponent 
(jMivamoto et al.lll994l: iMufioz-Darias et al.ll2011[ ). 

Recent studies show most of the X-ray variability 
is associated with the power-law spectral component 
(|van der Klisl 120061 ) . as shown by the increase of the frac- 
tional rms in relation to the photon energy for tho se BLN 
and QPOs (see e.g. ISobolewska fc Zvcki |[2006l ). How- 
ever, improved coverage of the soft X-rays down to below 
0.5 keV revealed that the disk spectral component can 
still contribute a fractional rms of a few tens percent in 
the hard state in the low frequency L orentzian component 
on th e time scales of tens of se conds ([Wilkinson fc Uttlev I 
[20091) . iMivamoto et~aI1 ([1991 analyzed GINGA (> 2 keV) 
observations of the black hole candidate GS 1124—683. 



They concluded that the evolving power spectra in the 
soft state and in the intermediate state that defined later 
on were consistent with a decomposition of the power spec- 
trum into a BLN component and a PLN component, which 
was attributed to the power-law and the disk blackbody 
spectral components, respectively. But such an additive 
picture does not hold in the same data when the power- 
law spectral component is larger than 10% of the total 
X-ray flux. 

The soft state power spectrum is usually dominated by a 
PLN, which was suspected as the signature of disk accre- 
tion ([Miyamoto et all [19941: ICui eral]|1997[ ). iLvubarskiil 
([1997 ) showed that the PLN can be modeled as an in- 
ward propagation of disk fluctuations. Since the PLN re- 
mains the same shape in a wide range of frequencies and 
the variations are thought to originate from the power- 
law spectral component in the soft state, the likely source 
responsible for the flux variations at all frequencies in 
this spectral state is t he disk covered by the disk corona 
([Churazovet al.ll200ll) . On the other hand, the BLN 
components and the QPOs have been only seen in the 
hard state and in the intermediate (or very high state) 
in wh ich the non-therma l spectral comp onent exists (see 
e.g., IHoman et all 120011: lYu et al.ll2003[ ). The origin of 
these components is probably due to the transparency for 
these high frequency variations in the geo metrically thick 
and optically thin disks, as suggested by IChurazov et al.l 
((2001). In summary, we lack of direct evidence showing 
that the power-law noise in the hard state or the inter- 
mediate state comes from the optically thick disk and the 
decoupling of the timing components in the energy spec- 
tra. 

MAXI Jl ( 359-152 was disco vered in 2010 by Swift 
([Kannll2010l : iNegoro et al.ll2010D . which was initially trig- 
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ffered as a Gamma-ray burst (GRB) (jMangano et al.l 
|201C( ). Its orbital period is around two hours based on 
its X-ray dips, which makes it the b lack hole binary with 
the s hortest orbital period known (jKuulkers et al.l [20101 
|2013( ). X-ray timing and spectral analysis of the RXTE 
observations sugges t that it is in deed a black hole binary 
candidate (Kalamka r et al.ll201ll ). It reached 0.2-0.3 crab 
in the RXTE energy band. Base on the relation between 
the peak lumin osity of LMXB t ransient outburst and the 
orbital period (|Wu et al.ll20Tol) . the distance of MAXI 
J1659— 152 should not be large. 

A series of Swift/XRT and RXTE/PCA moni- 
toring observations of MAXI J1659— 1 52 were per- 
formed duri ng the entire outburs t period (iKennea et al.l 
20111: iMufJo z-Dari aTeraLl 120111: lYamaoka et al.l l2012t 
Kuulkers et al.l |2013I ). The XRT power s pectra were 



clearly energy dependent (jKennea et al.ll20lT[ ). In this pa- 
per, we show during the hard intermediate state the power 
spectra corresponded to distinct black hole X-ray power 
spectral states below and above 2 keV, respectively. Fur- 
thermore, the emergence of the PLN and the decline of the 
BLN and the QPO components in the soft X-rays below 2 
keV occurred at least several weeks before that was seen 
in the X-rays above 2 keV during the rising phase of its 
2010 outburst. Our results provide strong evidence that 
the PLN in the hard state and the intermediate state is of 
disk origin, and black hole power spectral state is depen- 
dent on which spectral component we are looking at. 

2. OBSERVATION AND DATA ANALYSIS 

2.1. Swift XRT data analysis 

There were altogether more than 60 Target-of- 
opportunity Swift ob servations of MAXI J1659— 152 dur- 
ing it s 2010 outburst (jKennea et al.ll201ll : iKuulkers et al.l 
l2013f) . We focused on the first 38 observations taken in the 
'Windowed Time'(WT) mode with a frame time of 1.766 
ms between MJD 55464 and MJD 55492, corresponding to 
observation ID 0043492800 to 0031843008, which allows 
a comparison with the quasi-simul t aneous RXTE/PCA 
observations ("Kalamkar et al.l 120111 : iMunoz-Darias et al.l 
[2011: Yamaoka et al. 20l3). 

Following standard approach to eliminate pile-up ef- 
fect, we determined the inner radius of source region by 
evaluating distri butions of grade and g rade 0-2 events 
(see Appendix of IP. Romano et aLll20Q6l also the pile-up 
threacQ). The annulus with diameters from 20 to 40 pix- 
els was used to evaluate the fraction unaffected by photon 
pile-up. We chose the smallest-allowed radius in pixels un- 
affected by piled-up as the inner radius of source region in 
order to include as many events as possible. For exam- 
ple, the source region was thus chosen by excluding the 
innermost 7 pixels for the observation 00434928019. 

Our Swift data reduction was performed with HEA- 
SOFT 6.11 using the sky coordinate reported in 
iKennea et al.l (|2010[ ). Periodic soft X-ray dips were 
seen in XRT li ght- cu rves due to absorbers in the disk 
(IKuulkers et al.ll2010l : IKennea et all 120111: IKuulkers etUI 
I2013D . which brought additional low- frequency variabil- 
ity. We removed events that lies within 1300 seconds of 
the dip (central) times to avoid the effect even for the 
longest known dips. The XRT spectral files were binned 

^ http://www.swift.ac.uk/analysis/xrt/pileup.php 



by grppha to ensure minimum photons of 20 per energy 
bin. XRT timing analysis was performed with powspec in 
XRONOS version 5.22. We found the Leahy normalized 
Fourier power decreases significantly above 50 Hz and devi- 
ates from 2 expected for a Poisson noise. So we determined 
the white noise level by averaging the power between 30 
Hz and 50 Hz. 

2.2. RXTE/PCA data analysis 

We analyzed the RXTE/PCA pointed observations in 
the same period. In our PCA spectral analysis, we made 
use of RXTE/PCA standard spectral products to study 
quasi-simultaneous (within 0.5 days) PCA observations us- 
ing Xspec 12.7.0. We applied the model wabs * {diskbb + 
powerlaw) in our spectral fit. To account for inconsistent 
calibration between the PCA and the XRT in our spectral 
analysis, we scaled PCA spectra with a constant factor 
and allowed it to vary. A systematic uncertainty of 1% was 
applied to the spectral fitting. For the XRT spectra, we ig- 
nored energy channel below 0.4 keV and above 10 keV; for 
the PCA spectra, we ignored energy channel below 3 keV, 
4.5-5 keV (Xenon L edge) and above 20 keV. For those 
Swift observations without quasi-simultaneous RXTE ob- 
servations within 0.5 days, we fit the XRT spectra alone. 
We made use PCA Single bit or Event mode data (2- 
60 keV) and generated average power spectra up to 2048 
Hz for each segments with custom routines. The white 
noise level was estimated by averaging power above 1800 
Hz. Throughout our power spectral analysis, we quoted 
source fractional rms variability by integrating power be- 
tween 0.01 and 20 Hz. 

3. RESULTS 

3.1. Evolution of the X-ray spectra and the variability 
amplitudes 

Based on the study of the RXTE observations 
(|Muhoz-Darias et 3111201 iD . the source stayed in the hard 
state ( before MJD 55467, not covered by the RXTE obser- 
vations), the hard intermediate state (MJD 55467-55481), 
the soft intermediate state ( MJD 55481-55483), and the 
soft state (MJD 55484-55490) in a period of nearly four 
weeks. In Figure 1, we plot the evolution of the spectral 
and timing properties during the rising phase of its out- 
burst. In our XRT data analysis, we found the fractional 
rms variability below 2 keV decreased from 23% to about 
5-8% around MJD 55467-55468, which was accompanied 
by an increase of the inner disk temperature to above 0.5 
keV and the disk fraction below 2 keV to above 30%. The 
PLN started to dominate in the energy band below 2 keV 
about three weeks earlier than in the entire energy band at 
around MJD 55490. Our analysis of the UVOT data show 
that the UVW2 flux rose to its peak right before MJD 
55468 and then declined. The rise led the soft X-ray (2-4 
keV) rise but lag the hard X-ray (15-50 keV) rise, sug- 
gesting the UV emission does not entirely belong to the 
power-law spectral component. The details of our study 
of the UVOT data is out of the scope of the paper and will 
be presented elsewhere. 

3.2. Distinct power spectral states below and above 2 keV 
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We compared the power spectra in the 0.3-2 keV range 
seen with the Swift/XRT and in the 2-60 keV range seen 
with the RXTE/PCA (or in the 2-10 keV range of the 
XRT when the quasi-simultaneous PCA observations were 
not available). In order to see the trend clearly, we aver- 
aged the corresponding power spectra in nine intervals be- 
tween MJD 55464-55490, thus determined by similarities 
of the power spectra. The scheme is shown in the lowest 
panel of Figure [T] The evolution of the power spectra is 
shown in Figure [5] and Figure |31 corresponding to the en- 
ergy range 0.3-2.0 keV and the 2.0-60.0 keV, respectively. 

All the white-noise subtracted power spectra were fit 
with models composed of a power-law noise, zero-centered 
Lorenztians for BLN components, and Lorentzians for 
QPOs. The uncertainties of the parameters correspond 
to ^x^ = 1- In sequence, the power spectra in the en- 
ergy range 0.3-2.0 keV shows a distinct transition from 
a characteristic hard state power spectrum dominated by 
BLN and QPOs (see Figure 2, 4a) to a characteristic soft 
state power spectra showing only a PLN at around MJD 
55467 (See Figure 2, 5a). Notice that the transition oc- 
curred when the disk black body temperature increased 
from about 0.3 keV to above 0.5 keV. 

Two phenomena were seen then. One is the disk fraction 
exceeded ~30% in the 0.3-2.0 keV range (actual disk frac- 
tion should be higher because the power-law model should 
have a low energy cut-off to mimic Comptonization). The 
PLN became insignificant at energies somewhere above 2 
keV. In one observation around MJD 55467-55468 (Ob- 
servation ID 00434928005), the PLN in the 0.3-2.0 keV 
was about 5 times larger than that seen with the quasi- 
simultanous RXTE/PCA observation (Observation 95358- 
01-02-00) in 2-60 keV (Figure EJ. In order to determine 
the energy at which the PLN cuts off, we obtained the 
power spectrum of the XRT data in the 2-4 keV range. 
We found if we use a model composed of a PLN and sev- 
eral Lorentzians for the BLN and the QPO components, 
which were fixed at the frequencies of the BLN and QPO 
components seen in the 2-60 keV PCA data, the best-fit 
model gives the amplitude of the 2-4 keV PLN (although 
itself has only a 1 cr significance) being 30% lower than 
the amplitude of the PLN in the 0.3-2.0 keV. Therefore 
the PLN component should have a high energy cut-off at 
around 2-4 keV. How high the energy cut-off of the PLN 
can be ? We could only put an 1 u upper limit of the PLN 
in 2.0-4.0 keV, which is weaker than that measured in 0.3- 
2.0 keV but is still considered as comparable to the 10% 
level (0.01-20 Hz range) in the 0.3-2.0 keV band. We found 
the average XRT photon energy in the 0.3-2.0 keV and the 
2.0-4.0 keV XRT bands were 1.3 keV and 2.8 keV, respec- 
tively. Both energies are in the energy range of the disk 
blackbody spectral component with significant contribu- 
tion to the energy spectrum. The XRT observation there- 
fore put the PLN cut-off energy to roughly above around 
2.8 keV. 

The RXTE/PCA observation give an additional con- 
straint on the PLN cut-off energy. We found the 2-60 
keV RXTE/PCA observation showed a PLN of about 5 
times lower than that seen in the 0.3-2.0 keV with the 
Swift/XRT. Based on our study of the XRT power spec- 
tra in the two energy bands 0.3-2.0 keV and 2.0-4.0 keV, 
it is likely that only some low energy photons contribute to 



the PLN (not the entire 2-60 keV photons). We can then 
estimate the energy of the high energy cut-off of the PLN 
based on the assumption that only part of the photons 
contribute to the PLN. We studied the PCA energy spec- 
trum and found 20% PCA photons were below 3.5 keV, 
40% PCA photons were below 4.7 keV, and 50% photons 
had energies less than 7.4 keV. Therefore, assuming the 
PLN energy spectrum is a step function (between 10% 
rms at low energies as in 0.3-2.0 keV and 0% rms above 
a cut-off energy), if only the photons below 3.5 keV con- 
tribute to the PLN at the same amplitude level as seen in 
the 0.3-2.0 keV with the XRT, the overaU amplitude of the 
PLN in the 2-60 keV PCA band would be 5 times lower 
than that seen in 0.3-2.0 keV, as what we observed with 
the PCA. This will put a constraint on the PLN cut-off 
energy at most at 3.5 keV (notice that the PCA energy 
resolution is poor so the cut-off energy should be approx- 
imate); if the soft photons contribute to the PLN at half 
of the amplitude as seen in the 0.3-2.0 keV XRT band, 
the highest energy photon contributes to the PLN would 
reach 4.7 keV but the cut-off energy should be lower than 
3.5 keV (in this case 40% PCA photons with the lowest 
energies contribute to the PLN). This is a very conserva- 
tive estimate since the PLN in the 2-4 keV as seen with 
the XRT probably has an amplitude probably comparable 
to that seen in the 0.3-2.0 keV. In the XRT energy spec- 
trum, we found at 4.7 keV the disk blackbody component 
in a disk blackbody plus a power-law model contributed 
10% of the total photon counts, while at around 1.3 keV 
the disk blackbody component contributed 30% of the to- 
tal photon counts. So the PLN energy spectrum does look 
more like a disk blackbody than a steep power-law, with a 
high energy cut-off that is consistent with the disk spectral 
component. 

The other phenomenon associated with the transition 
between Interval 4 and 5 is that the BLN and QPOs dis- 
appeared in the soft band 0.3-2.0 keV, indicating a low 
energy cut-off of the BLN and the QPOs, while the power 
spectra in the energy range above 2.0 keV showed char- 
acteristic BLN and QPOs in the hard or the intermediate 
state up to MJD 55486 (Figure 3, 4b-8b). We know in 
interval 8 the source trans ited to the soft state for a while 
(jMuhoz-Darias et al.ll201l[) . Therefore in the X-rays above 
2 keV, the transition of power spectrum to a PLN took 
place nearly 3 weeks after that occurred in 0.3-2.0 keV. 

We have also investigated the relative strength of the 
BLN and the PLN in the soft X-ray band 0.3-2.0 keV. For 
the power spectrum in the soft band in each intervals 5-9, 
we fixed the PLN slope to an power-law index of -1 and the 
width of the zero-centered Lorentzian corresponding to the 
width of the BLN component obtained with the simultane- 
ous 2-60 keV RXTE power spectrum. The normalizations 
of the PLN and the BLN were relaxed. We found there 
was no need to include a BLN component in the fits, and 
therefore we can only put upper limits on potential BLN 
variability amplitudes in the 0.3-2.0 keV range. In the 
end, we found the amplitude of the PLN was always more 
than two times of the BLN upper limit, which was in the 
range between 1.1% to 3.6%. The amplitude of the BLN 
components then rose sharply above about 2 keV to more 
than 10% (interval 5-7). This demonstrates that distinct 
power spectral states were seen in 0.3-2.0 keV and above 
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2.0 keV (2-60 keV PCA band), as shown in 5a and 5b 
or in 6a and 6b of Figure [2] and Figure |3l indicating a 
transition of the power spectral state across the soft and 
the hard bands around MJD 55470 - the energy bound- 
ary which divides the X-ray spectrum into disk dominated 
and power-law dominated regimes. In Figure IHl we plot 
the average power spectra corresponding to the intervals 
5 and 6. It hints a frequency cut-off of the PLN seen in 
the 0.3-2.0 keV energy range at around 1 Hz, overlapping 
with the frequencies of the BLN and the QPOs seen at 
above 2 keV in the PCA band. We found the deficiency 
of the PLN power above 1 Hz has nothing to do with the 
subtraction of the white-noise level. Both energy cut-offs 
(~ 2-3.5 keV) of the PLN and BLN components and the 
possible frequency cut-off (^ 1 Hz) of the PLN imply that 
the PLN and the BLN plus QPOs were almost separated 
in energy and in frequency during those observations. 

4. CONCLUSION & DISCUSSION 

The relatively slow evolution of MAXI J1659-152 be- 
tween the spectral and timing states provided us an oppor- 
tunity to zoom in how the spectral content of the timing 
components evolves in black hole transients. With the help 
of both Swift/XRT and RXTE/PCA, we are able to look 
at the energy-dependence of the power spectra in much 
more details. Although an energy-frequency 2D spectral 
space was not mapped out by the observations, these ob- 
servations provided an important picture of the energy de- 
pendence of the properties of black hole power spectral 
states. 

In the conventional picture of black hole spectral states, 
there is a tight correlation betwee n the energy spec- 
tra and the power spectra sh ape (jHoman et al.l l2001t 
iRemillard fc McClintockl l2006f) . This is incorrect when 
we extend the power spectral study down to soft ener- 
gies. We found MAXI J1659-152 showed a PLN in the 
soft X-ray energy band dominated by the thermal spectral 
component when it just transited from the hard state to 
the intermediate state, while at the same time displaying 
typical BLN and QPOs in the hard X-ray energy band 
dominated by the power-law spectral component. There- 
fore we found distinct power spectral states, i.e., a PLN 
vs. BLN plus QPOs, coexisted below and above a certain 
cut-off energy estimated in the range 2-3.5 keV, suggest- 
ing that the conventional black hole state picture we have 
is primarily a hard X-ray view based on the RXTE/PCA 
band, and a broadband (or even) a multi-wavelength view 
is needed to better understand black hole power-spectral 
states. 

The simultaneous emergence of the PLN and the ther- 
mal disk spectral component from below 2 keV provides 
strong evidence that in the hard or the intermediate state, 
the PLN is from the approaching disk flow. The disap- 
pearance of the BLN and QPOs and the decrease of the 
overall variability amplitude started in the soft X-ray band 
below 2 keV as well, which indicates that the photons re- 
sponsible for the BLN and the QPOs emerged from regions 
other than the optically thick disk. A reasonable picture 
is that the photons responsible for the BLN and the QPOs 
originated from the innermost disk flow, which were up- 



scattered in the corona. This could naturally contribute 
to some hard lag at low frequencies in the black hole hard 
state, but may be not the major cause of the lag as have 
been suggested to come from propagation o f the low fre- 
quen cy variability into the hot coronal flow (jUttlev et al.l 
1201 ll ). The separation of the simultaneous PLN and BLN 
(or the QPOs) in energy and in frequency might be set 
up by the inner disk edge disrupted by the hot coronal 
flow. Comptonization of the soft seed photons originated 
from the inner edge of the optically thick disk. Because 
they were up-scattered to higher energies, these photons 
did not contribute to the PLN seen in the soft X-rays, but 
on the other hand, contribute to the BLNs and QPOs, 
leading to a high frequency cut-off of the PLN at the BLN 
or QPO frequencies. We might have seen such a cut-off at 
around 1 Hz where the BLN and the QPOs were peaked 
(see Figure 6). The PLN in the intermediate state should 
evolve into the PLN seen in the soft state, which is prob- 
ably accompanied by the formation of a disk corona that 
is needed to explain th e energy spectrum in the soft state 
(jChurazovet al.ll200lD . 

In summary, MAXI J1659— 152 has provided the best 
example of an isolation rather than a coupling among the 
power spectral components in the energy spectrum, which 
revealed clues to the origin of the aperiodic variability in 
black hole binaries: the observations provided the evidence 
that the PLN is of disk origin and the BLN and QPOs are 
of coronal origin, which have been realized for quite some 
years but has been lack of direct evidence. Similar result 
on the BLN component but not those of the emergence 
of the PLN has recently b een seen in SWIFT J 1753. 5- 
0127 (|Kalamkar et al.l [20131 ) . which supports our conclu- 
sion. Our work also further suggests that there might be 
links in the characteristic frequency and in the (seed) pho- 
tons between the PLN and the BLN (or QPOs). This 
is a very important problem to explore in the future since 
our current power spectral modeling is based on superposi- 
tion of noise components and QPOs of some mathematical 
forms (power- law noise and Lorentzians) . Justiflcations of 
the mathematical forms for the noise and QPO compo- 
nents as well as the simple superposition method are very 
necessary towards a physical modeling of the black hole 
power spectrum. 
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Fig. 1. — Evolution of the X-ray intensity as seen with the MAXI (2-4 keV) and the BAT (15-50 keV), the disk energy fiux fraction in 
0.3—2.0 keV and 2.0-10.0 keV, the inner disk temperature and the power-law photon index measured with the XRT (or joint with the RXTE) 
observations, the fractional rms amplitudes in the 0.3—2.0 keV or the 2.0—60 keV band (integrated in 0.01-20 Hz), and the frequency of the 
primary QPO. Notice that the fractional rms variability declined much faster in 0.3—2.0 keV than in 2.0—60 keV when the disk black body 
temperature increased to above 0.5 keV. We found the PLN started to dominate the power spectra in the 0.3—2.0 keV band when the disk 
spectral component increased to above ~ 30% (interval 5 and 6) or ~ 50% in 2.0-60 keV (interval 9). In fact the disk flux fraction in 0.3-2.0 
keV should be underestimated since there should be a low energy cut-off of the power-law spectral component to mimic the Comptonization. 
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Fig. 2. — Evolution of the average power spectra during the nine time intervals in 0.3-2.0 keV as seen with the Swift/XRT (left column). 
A PLN dominated in the Interval 5 (sec Figure 5a). 
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Fig. 3. — Evolution of the average power spectra during the nine time intervals above 2 keV as seen with the RXTE/PCA and the 
Swift/XRT (right column). Power spectra are either from the XRT (2-10 keV) or from the PCA (2-60 kcV). 
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Fig. 4. — Distinct power-law noise (PLN) below and above 2 keV during single observations during MJD 55467-55468 (Swift observation 
00434928005 and RXTE observation 95358-01-02-00). The rms of the PLN above 2 keV measured with the RXTE/PCA was 4.9 times lower 
than that of the PLN in the 0.3-2.0 keV ( its 3 ct rms upper limit was still about 3 times lower than that of the PLN seen in the 0.3-2.0 keV). 
The red line and the blue dashed-line indicate the best-fit PLN models for the 0.3-2.0 keV and the 2—60 keV data with a power-law index of 
-1. This indicates a high energy cut-off of the PLN and a low-energy cut-off of the BLN and QPOs. 
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Fig. 5. — The power spectra in 0.3-2.0 keV (red) and 2.0-4.0 keV (blue) averaged over two Swift observations during MJD 55467-55468 
(Interval 5). The rms of the PLN in the 0.3-2.0 keV was 9.4± 0.9 %, while in 2.0-4.0 keV the I-ct rms upper limit of a PLN with a 
power-law index of -1 was 8.4%. The best-fit PLN corresponding to the 0.3-2.0 keV power spectrum is shown as a red line. The best-fit 
PLN corresponding to the 2.0—4.0 keV power spectrum is shown as a blue dashed line ( the BLNs (or QPOs) were fixed to the frequencies 
determined in the 2-60 keV with RXTE/PCA data). This hints a high energy cut-off of the PLN and a low energy cut-off of the BLN and 
the QPOs. 
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Fig. 6. — Distinct average power spectra below and above 2 keV seen simultaneously during MJD 55467-55474 (intervals 5 and 6). The 
power spectrum below 2 keV obtained with the Swift/XRT (in red) shows a single power-law noise (PLN) component with a likely cut-off 
at about 1 Hz, but the corresponding power spectrum above 2 keV obtained with the RXTE/PCA (in blue) mainly consists of band-limited 
noise (BLN) and QPOs above 1 Hz. Solid lines represent the best fit models, in which the power-law index of the PLN was allowed to vary 
to a range between -0.8 and -1.2. The dashed lines represents BLN or QPO components as well as the power-law component for the average 
power spectrum above 2 keV obtained with the RXTE/PCA. Notice the QPO frequency evolved dramatically in the 6-day interval, which led 
to multiple peaks in the average power spectrum in the hard X-ray band. The best-fit PLN component in 2-60 keV (blue dashed line) has a 
much lower amplitude than that in the 0.3-2.0 keV range (red line). The simultaneous power spectra indicate a strong energy dependence of 
the PLN and the BLN or QPO components. 



